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In order to investigate the role of materials contained in the germinal vesicle 
(GV) in the early embryonic development of ascidians, we attempted the mass 
isolation of GVs from oocytes of the ascidian Halocynthia roretzi. GVs were isolated 
from dechorionated oocytes by gentle homogenization followed by sucrose density 
gradient centrifugation. Initially, unfixed living oocytes were used, but yielded only 
low amounts of isolated GVs due to the sticky cytoplasm of the unfixed oocytes. 
Conversely, fixed oocytes had several advantages for the GV isolation. First, the 
yield of the GV isolation was much higher in oocytes fixed with ethanol. Second, 
proteolytic enzymes contained in the oocyte itself may have been inactivated by the 
ethanol fixation. Third, most of the soluble GV proteins were expected to be 
retained in the isolated GVs. Examination of isolated GVs by transmission electron 
microscopy and SDS polyacrylamide gel electrophoresis indicated that the quality of 
GVs to have been retained during the isolation procedures. 
INTRODUCTION 
The significance of localized egg cytoplasmic factors for early embryonic 
development of various kinds of animals has long been studied {WILSON, 1925; 
DAVIDSON, 1986). ·Eggs of ascidians are regarded as good material to study the cell 
fate specification by the cytoplasmic factors or determinants (see reviews by 
WHITTAKER, 1979; JEFFERY, 1985; UzMAN and JEFFERY, 1986; SATOH, 1987). 
Although special emphasis has recently been given to the regulatory properties of 
ascidian eggs (BATES, 1988; NisHIDA and SATOH, 1989), the significance of the 
cytoplasmic factors has yet to be dismissed. 
The germinal vesicle (GV) of an oocyte may be regarded as a storehouse of the 
embryonic nuclear protein, which is one candidate for the determinant. The GVs 
of Xenopus oocytes, for example, have been suggested to contain materials required 
for some morphogenetic events in a later stage of development (HuFF, 1962; BRIGGS 
and CASSENS, 1966; MALACINSKI, 1974) and many of the Xenopus GV-specific 
antigens reported by DREYER et al. (1981, 1982), have been shown to exist even in 
later stage embryos. Some of these antigens are sequestered from the nuclei of the 
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cleavage stage embryos and shift into the nuclei at a certain stage of development 
(DREYER et al., 1982 ; DREYER, 1987). However, a more intriguing phenomenon is 
that some of the antigens are partitioned into the nuclei of restricted kinds of tissues 
(DREYER et al., 1981). Although the function of these antigens has not been fully 
explained, it is possible that they are involved in tissue specification. 
In ascidians, several possible roles of the GV materials have been suggested. 
Since asci dian embryos develop to tadpole larvae very quickly within only a few 
days, maternally stocked GV proteins could serve as embryonic nuclear proteins. 
During the GV breakdown, the GV plasm becomes conjugated with the ectoplasm 
which is the cytoplasm segregated into the future ectodermal region of the animal 
hemisphere. MrTA-MIYAZAWA et al. (1987) produced antibodies specific to the 
differentiating epidermal cells of e~bryos of the ascidian H alocynthia roretzi. 
Using both cleavage arrested embryos and partial embryos developed from isolated 
blastomeres, NISHIKATA et al. (1987) have shown that the epidermal cell 
specification of the ascidian embryo is highly autonomous and that the factor 
specifying the epiderm fate might be dominant over the factors specifying the other 
tissues. The maternal poly{A)+RNAs, another candidate for the determinant, 
accumulate in the GV of the ascidian oocyte. Following ooplasmic segregation 
after fertilization, the same levels of accumulated maternal poly(A)+RNAs were seen 
within the future ectodermal region (JEFFERY and CAPco, 1978). 
In order to study the roles of the GV materials for ascidian embryogenesis, 
isolation of a considerable amount of GV s is required. In the present investigation, 
we attempted the mass isolation of GVs from the oocytes of the ascidian, H. roretzi. 
GV isolation methods have already been successfully used for Xenopus (ScALENGHE 
et al., 1978), starfish (CHIBA and HOSHI, 1985; HASHIMOTO and NEMOTO, 1987) and 
other species' oocytes. We adapted some of these methods for isolation of GVs from 
the ascidian oocytes. However, it was found to be difficult to obtain a high yield 
of GVs fram H. roretzi oocytes, mainly because of the extreme stickiness of the 
oocyte cytoplasm. Our technique to obtain a higher yield of GVs was to fix the 
oocytes with ethanol. Here we first describe the GV isolation method using unfixed 
living oocytes and then describe the isolation method using fixed oocytes. Our 
method for the GV isolation from fixed oocytes of H. roretzi is simple and efficient 
and yields a large amount of the GVs. · 
MATERIALS AND METHODS 
Animals. 
Adults of the ascidian Halocynthia roretzi were collected in the vicinity of 
Asamushi Marine Biological Station, Mutsu Bay, Aomori, Japan. Ascidians .are 
hermaphroditic and an adult H. roretzi contains a pair of large gonads which consist 
of both ovary and testis. During the spawning season, the ovary is filled with fully 
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grown immature oocytes of almost identical size : a feature advantageous for GV 
isolation. In other ascidian species, such as Ciona intestinalis, the ovary contams 
oocytes of various stages, even in the spawning season. H. roretzi adults were 
maintained under constant light in seawater kept below lO'C. Under these environ-
mental conditions, oocytes of H. roretzi do not begin the maturation process. 
Isolation of Oocytes. 
Fully grown immature· oocytes were obtained by surgical removal fram the 
dissected gonad and then rinsed several times with millipore-filtered (pore size=0.2 
J.!m) seawater (MFSW) in order to wash sperm away. An ascidian oocyte is 
enclosed by a hard chorion to the outer surface of which follicle cells attach. In 
addition, test cells exist between the perivitelline space. The oocytes were then 
chemically dechorionated by treatment with a mixture of 0.05% actinase E (a type 
of protease ; Kaken Pharm. Co., . Ltd ; Tokyo) and 1.0% sodium thioglycolate, 
according to the method described by MrTA-MIYAZAWA and SATOH (1986). The pH 
of the solution was set around 10 with 0.1 gjml NaOH. 
Isolation of GVs from Unfixed Oocytes. 
In the present investigation, we examined methods for the isolation of GV s from 
both unfixed and fixed oocytes. The isolation procedures applied to unfixed living 
oocytes are illustrated in Fig. lA. Each step was performed at 0-4'C. Decho-
rionated oocytes were gently suspended in 15 ml of MFSW, and softly homogenized 
with a Wheaton Dounce Tissue Grinder, using Pestle B (63.5-139.7 J.!m). A single 
slow up-and-down stroke was sufficient to crush oocytes without breaking GV s. 
The resulting homogenate was mixed with 15 ml of 2.0 M sucrose in MFSW, and was 
loaded to discontinuous sucrose density gradient centrifugation. Mixed 
homogenate was sandwiched between 7.5 ml of 1.5 M sucrose in MFSW and 2 ml of 
MFSW (Fig. lA). The discontinuous sucrose gradient was centrifuged at 1,700-4, 
500xg for 15 min, after which time GVs were precipitated at the bottom of the 1. 
5 M sucrose layer. 
Isolation of GVs from Fixed Oocytes. 
The isolation procedures for fixed oocytes are shown diagramatically in Fig. lB. 
Dechorionated oocytes were first fixed with 70% ethanol for 5 min at 4'C. Fixed 
oocytes were washed with MFSW to remove ethanol and then suspended in 15 ml of 
MFSW, and softly homogenized with a Wheaton Dounce Tissue Grinder, using 
Pestle B. The homogenate was mixed with 13 ml of 2.0 M sucrose in MFSW, 
sandwiched between 7.5 ml of 1.4 M sucrose in MFSW and 2 ml of MFSW. The 
gradient was then centrifuged at 3,000xg for 15 min. GVs were precipitated at the 
bottom of the 1.4 M sucrose layer. 
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Fig. 1. Diagram showing the procedures for isolation of germinal vesicles (GVs) from 
unfixed (A) and fixed (B) oocytes of the ascidian, Halocynthia roretzi. (A) 
Dechononated oocytes were gently homogenized, and the homogenate was loaded 
on the discontinuous sucrose density gradient. The gradient consisted 3 layers; 
the top layer of 2 ml of MFSW (I), the middle layer of a mixture of 15 ml of the 
homogenate and 15 ml of 2.0 M sucrose in MFSW (2), and the bottom layer of 7.5 
ml of 1.5 M sucrose in MFSW (3). The discontinuous gradient was centrifuged at 
1,700-4,500x g for 15 min. GVs were precipitated at the bottom of the tube while 
most of t~e cytoplasm~c _fragme~ts, yolk granules and unbroken oocytes (C;) were 
gathered_ In the centnp1tal regwn of layer 2. (B) Dechorionated oocytes were 
fixed w1th 70% ethanol for 5 min, and then homogenized. The 15 ml of 
homogenate was mixed with 13-14 ml of 2.0 M sucrose (2'), which was sandwiched 
between 2 ml of MFSW (I) and 7.5 ml of 1.4 M sucrose in MFSW (3'). The 
gradient was centrifuged at 3,000xg for 15 min. GVs were precipitated at the 
bottom of the tube, whereas most of the cytoplasmic fragments, yolk granules and 
unbroken oocytes (Cy) were gathered on the centripital region of layer 3'. A 
considerable amount of cytoplasmic fragments and yolk granules remained in layer 
2' even after centrifugation. 
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Transmission Electron Microscopy (TEM). 
GVs isolated from unfixed oocytes were fixed for more than 2 h with 2.5% 
glutaraldehyde in MFSW containing 0.7 M sucrose at 4'0. After several rinses with 
0.7 M sucrose in MFSW, specimens were postfixed with 1% osmium tetroxide in 
MFSW containing 0.7 M sucrose for 3 hat 4'0. Fixed materials were then dehydrat-
ed through a graded series of ethanol solutions, cleared with propylene oxide, and 
embedded in SPURR's low vi~cosity resin (SPURR, 1969). Specimens were sectioned 
with a LKB 8800 Ultra tome. Thin sections were double-stained with 1% aqueous 
uranyl acetate and lead citrate, and examined with a JOEL 100 electron microscope 
operated at 100 kV . 
GVs isolated from fixed oocytes were fixed further with 2.5% glutaraldehyde in 
MFSW for 1 h. The specimens were postfixed with 1% osmium tetroxide in MFSW 
for 3 h at 4'0, and processed as for GVs of unfixed oocytes. 
Polyacrylamide Gel Electroplwresis. 
GVs isolated from both unfixed and fixed oocytes were suspended in artificial 
seawater and homogenized with a sonicator (Handy Sonic, model UR-2P, Tomy 
Seiko Co., Ltd.). The homogenate was then mixed with an equal volume of sample 
buffer (20% glycerol, 10% 2-mercaptoethanol, 4.6% sodium dodecylsulfate (SDS), 
0.125 M Tris-HCl, pH 6.8). For comparison, unfixed oocytes were suspended in 
artificial seawater containing 0.5 mM phenylmethylsulfonylfluoride (PMSF) and 
homogenized with a tight-fitting tissue grinder to rupture the chorions and to crush 
oocytes. The homogenate was then centrifuged at 1,000 x g for 5 min to exclude the 
chorions and yolk granules and the supernatant then further homogenized with a 
sonicator and mixed with an equal volume of SDS containing sample buffer as 
described above. Fixed oocytes were suspended in artificial seawater without 
PMSF. The other steps of the preparation procedure were as for the unfixed oocyte 
sample. Homogenate was separated by electrophoresis in a 10% polyacrylamide gel 
which was then stain_ed with Coomassie Brilliant Blue. 
RESULTS AND DISCUSSION 
I solation of Oocytes. 
The fully grown oocyte of H. roretzi is about 270 11m in diameter, while the GV 
is about 100 11m in diameter (Fig. 2A). The GV in the living oocyte is transparent 
and the nucleolus is visible only when observed under NoMARSKI optics (Fig. 2B). 
An ascidian oocyte is enclosed by the chorion and two types of accessory cells ; the 
follicle cell, which is studded on the outer surface of the chorion (Fig. 2A), and the 
test cell, which exists in the perivitelline space between the chorion and the oocyte. 
Both types of accessory cells and the chorion were removed during the dechoriona-
152 S. FUJIWARA AND N. SATOH 
A 
Fig. 2. An oocyte dissociated from the gonad of the a.scidian, Halocynthia roretzi. 
tion. 
Observation with No~iARSKI optics. The oocyte is slightly compressed by a cover 
glass. (A) The oocyte is surrounded by the chorion, and follicle cells outside the 
chorion (arrow). (B) The GV is quite transparent. A nucleolus is visible in the 
GV (arrow). Some yolk granules outside the GV overlap the GV. Scale bars are 
50f.J.m. 
Since ascidians are hermaphroditic and the gonad is composed of both testis and 
ovary, oocytes dissociated from the gonad were washed extensively with MFSW in 
order to remove sperm, blood cells and pieces of gonadal epithelium. Oocytes with 
an intact chorion are resistant against physical shock, and washing could be perfor-
med by rather vigorous pi petting. Immature oocytes in the gonad of H . roretzi 
were occasionally fertilized by its own sperm, but the percentage of the self-
fertilization was minute and loss of GVs by self-fertilization was therefore regarded 
as negligible. 
Isolation of GVs from Unfixed Oocytes. 
In order to obtain a higher yield of the GVs isolated from unfixed oocytes, it was 
important to use oocytes at a very similar stage of growth. Some adult H . roretzi 
contained oocytes of various stages. Oocytes of various stages could not be decho-
rionated simultaneously, probably due to differential effects of actinase E andj or 
sodium thioglycolate on the chorion in relation to the stage of the oocyte. Decho-
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rionation had to be performed as completely as possible, in order that contamination 
with the chorions be avoided. 
The homogenization of isolated oocytes was the most delicate operation in all 
the steps throughout the GV isolation procedure. Too slow a motion of the pestle 
resulted in contamination with cytoplasm and yolk granules, while too quick a 
motion resulted in the squashing of GVs. In most cases, one slow up-and- down 
stroke was sufficient to break oocytes without crushing GVs. In this species, 
unfixed oocyte cytoplasm is extremely sticky, and due to this feature we were unable 
to obtain a sufficient yield of GVs from unfixed oocytes, even though the utmost care 
was taken in the isolation procedures. The yield of the GV isolation from unfixed 
oocytes never exceeded 10% . 
The centrifugal force required for GV isolation from living oocytes varied 
Fig. 3. GVs isolated from unfixed oocytes. (A) GVs isolated by centrifugation at 1,700 x 
g. The GVs are not clumped, and some yolk granules adhere to the GV. Scale bar is 
100 f.J.m. (B) GVs isolated by centrifugation at 4,500 xg. The GVs are clumped, but 
the contamination with yolk granules is far less than (A). Scale bar is 100 f.J.m. (C) 
Isolated GVs under No~IARSKI optics. The nuclear membrane appears as a dual struc-
ture. No other structures are visible in the GV. Scale bar is 25 f.J.m. (D) Transmission 
electron micrograph of the GV isolated from an unfixed oocyte. Although the GV plasm 
consists of scarce electron dense materials, some materials are visible in the GV. The 
nuclear membrane is intermittent, which might indicate nuclear pores. Inside the 
nuclear membrane, some membranous structure can be seen. Scale bar is 1 f.1. m. 
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among egg batches. Centrifugation at 1,700 X g was sufficient to precipitate GVs at 
the bottom of the 1.5 M sucrose layer (Fig. 3A). When centrifuged at 4,500 x g, the 
GVs were clumped, but were contaminated with far fewer yolk granules (Fig. 3B), 
the majority of which had gathered on the top layer of homogenate together with the 
cytoplasmic fragments (Fig. 1A). Since most of the cytoplasmic fragments and 
intact oocytes moved upward, GVs were not impeded from gathering at the bottom. 
We also examined another GV isolation method devised to isolate GVs from 
starfish oocytes by treating them hypotonically with 0.2 M sucrose in 50 mM Tris-
HCl buffer containing 5 mM MgCl2 (pH 7.5) (CHIBA and HosHI, 1985). However, 
GVs of H. roretzi became turbid when isolated under these conditions, differing in 
appearance from intact GVs (data not shown). The GV plasm recovered its trans-
parency when the isolated GVs were transfered into seawater. Although we did not 
examine whether there occurred any physical or chemical denaturation of the GV 
plasm, we consider this method as being unsuitable for the isolation of ascidian GVs. 
The isolated GV was translucent, but when contaminated by the chorions, the 
pelleted GVs appeared brownish due to yolk granules adhering to the chorions. 
Very few l}ytoplasmic fragments were precipitated at the bottom of the 1.5 M sucrose 
layer. Since the isolated GVs were completely transparent and colorless, we were 
unable to observe anything within the GV, even when observed with NoMARSKI 
optics (Fig. 3C). The GV membrane appeared as a dual structure. Nucleoli were 
also invisible (Fig. 3C), but this might be merely a problem of the index of refrac-
tion. Manually isolated GVs in seawater, whether containing sucrose or not, were 
also transparent and nucleoli were not visible (data not shown) . 
Tmnsmission Electron Microscopy. A transmission electron micrograph of the 
GV isolated from unfixed oocyte is shown in Fig. 3D. The nuclear membrane is 
obvious, and many intermittences of the membrane, probably nuclear pores are 
evident. Many membranous structures are situated immediately beneath the 
nuclear membrane, and may be equivalent to those observed under NoMARSKI optics 
(Fig. 3C). A low concentration of electron dense materials was present in the 
isolated GV, but we were unable to detect any surrounding thin cytoplasmic layer. 
SDS Polyacrylamide Gel Electmplwresis. It was thought that in the starfish GV 
isolation performed by CHIBA and HosHI ( 1985 ), the existence of a thin cytoplasmic 
layer was important to retain GV materials inside the isolated GV. To examine this 
hypothesis, proteins of isolated GVs are separated by SDS polyacrylamide gel 
electrophoresis and compared with those of intact oocytes. Results clearly showed 
there to have been no crucial spillage of the GV contents (Fig. 4). Some bands were 
stronger in the GV sample, while some other bands were stronger in the whole oocyte 
sample. This result suggests that most of the GV materials did not leak out during 
the isolation procedures. 












Fig. 4. Polyacrylamide gel electrophoresis of polypeptides of GVs isolated from 
unfixed oocytes (lane A) and unfixed whole oocytes (lane B). Separation pattern 
is visualized with Coomassie Brilliant Blue. Polypeptides abundant in the GV 
sample are indicated in lane A by arrows, while those abundant in the whole oocyte 
sample are ind_icated in lane B by arrows. 
Isolation of GVs from Fixed Oocytes. 
Fixation of oocytes was advantageous for the mass isolation of GV s for the 
following reasons : ( 1) The extremely sticky cytoplasm of the H. ro1·etzi oocytes 
became firm, so that a serious loss of GVs during the homogenization step could be 
avoided, enabling us to obtain higher yields of the GVs, about 40%. (2) The 
proteolytic enzymes contained in the oocyte itself may have been inactivated by the 
ethanol fixation. Therefore it was not necessary to perform the isolation under low 
temperature nor to use protease-inhibitors during the homogenization step. (3) The 
GVs isolated from fixed oocytes must contain most of their components, including 
soluble materials. In any GV isolation method, attention should be paid to the 
potential leakage of soluble proteins from the GVs during homogenization and 
centrifugation. In addition its large yield, the GV isolated from fixed oocytes 
might contain most of its original contents. However, it must be acknowledged that 
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F ig. 5. GVs isolated from fixed oocytes. (A) The GVs are not clumped and there is 
little contamination with cytoplasmic fragments or yolk granules. A single 
nucleolus can ?e seen m each GV (arrows). Observed with NoMARSKI optics. (B) 
Some of the 1solated GVs were partially ruptured during isolation, but their 
contents do not appear to have flowed out. Scale bars are 50 ,urn. (C) Transmis-
sion electron micrograph of the GV isolated from a fixed oocyte. The GV plasm 
cons1sts of many electr~n dense materials. Usually, the isolated GV s are partially 
covered w1th yolk partiCles (y) and cytoplasm. Scale bar is 5 ,urn. 
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certain proteins were likely to have been extracted by the ethanol treatment. 
For the centrifugation, we used 1.4 M sucrose as the bottom layer (Fig. lB ). 
Some yolk granules and cytoplasmic fragments were gathered on the top of this 
layer, although much of them still remained in the layer of the homogenate and GVs 
were precipitated at the bottom (Fig. lB). However, in some trials, the GV pellet 
was contaminated by cytoplasm containing yolk granules. Most such cases were 
due to incomplete homogenization, but contamination also occasionally occurred for 
unknown reasons. 
The pellet of isolated GVs looked white or ivory to the eye, but when 
contaminated by cytoplasm, the pellet looked orange. Most of the GVs isolated by 
this method were free from yolk granules and not clumped (Fig. 5A). Under the 
light microscope, the GVs appeared slightly brown with a single nucleolus visible in 
each GV. Some of the GVs were partially ruptured during the isolation procedures, 
but their shape was retained because of the fixation (Fig. 5B ). Even when a part 









Fig. 6. Polyacrylamide gel electrophoresis of polypeptides of GVs isolated from fixed 
oocytes (lane A) and fixed whole oocytes (lane B) . The gel was stained with 
Coomassie Brilliant Blue. Although some bands are abundant in the GV sample 
(lane A, arrows), no bands abundant only in the whole oocyte sample are evident. 
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flow out. 
Transmission Electron Microscopy. GVs isolated from fixed oocytes were 
examined by TEM. As shown in Fig. 50, the GV plMm consisted of electron dense 
materials. On some parts of the outer surface, GV s were covered with cytoplasm, 
containing prominent yolk granules (Fig. 50). 
SDS Polyacrylamide Gel Electroplwresis. Polyacrylamide gel electrophoresis 
showed that polypeptides of the GVs isolated from fixed oocytes were not degraded 
(Fig. 6). When examined with one dimensional gels, no conspicuous difference was 
detected between the polypeptide pattern of the GVs isolated from fixed oocytes and 
that of the fixed whole oocyte sample. However, some polypeptides appeared to be 
abundant only in the GV sample and we could detect no polypeptides abundant 
only in the whole oocyte sample. Two dimensional gels may provide more precise 
data on the nuclear and cytoplMmic distribution of various proteins. However, the 
result that there were no proteins specific to the whole oocyte sample, might suggest 
contamination by cytoplMm. 
Using GV s isolated from fixed oocytes as immunogens, we have been trying to 
produce monoclonal antibodies against GV plMm. At present, we have obtained 
some hybridoma clones which produce GV-specific antibodies. This result indirect-
ly suggests the adequacy of the isolation procedures described in the present report. 
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